
J )  
Europiisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

©   Publication  number: 0  1 3 7   6 8 3  

A 2  

(12) EUROPEAN  PATENT  APPLICATION 

©  Application  number:  84305788.6 

©  Date  of  filing:  23.08.84 

©IntCI.*:  E  21  B  21 /00  
C  09  K  7/06,  E  21  B  3 3 / 1 3 8  

©  Priority:  31.08.83  US  528326  ©  Applicant:  HALLIBURTON  COMPANY 
P.O.  Drawer  1431 

_  Duncan  Oklahoma  73536IUS) 
(J3)  Date  of  publication  of  application: 

17.04.85  Bulletin  85/18  ©  Inventor:  Son,  Adeline  Javier 
^   10210  Meadow  Lake 
(m)  Designated  Contracting  States:  Houston  Texas  77042IUS) 

BE  DE  FR  GB  IT  NL  SE 
@  Inventor:  Loftin,  Royal  Edward 

13215  Verbena 
Houston  Texas  77083(US) 

©  Representative:  Wain,  Christopher  Paul  et  al, 
A  A  THORNTON  8t  CO.  Northumberland  House  303-306 
High  Holborn 
London  WC1V7LEIGB) 

4 
t  

o  
0  
D 

s  

©  Prevention  of  drilling  fluid  loss  In  subterranean  formations. 
©  A  method  of  drilling  a  well  bore  into  a  subterranean 
formation  containing  water  having  monovalent  and  polyva- 
lent  cations  therein,  and  preventing  leak-off  into  the  forma- 
tion  of  an  oil-base  drilling  fluid  used  in  the  drilling,  comprises 
adding  to  an  oil-base  fluid  comprising  an  oil,  water,  a 
weighting  agent  and  an  emulsifying  agent,  a  powdered 
seepage  loss  reducer  selected  from  amorphous  silicates 
having  a  ratio  of  silicon  dioxide  to  alkali  metal  oxide  in  the 
range  of  1.5:1  to  3.3:1,  the  alkali  metal  being  sodium  or 
potassium;  ammonium  soaps  of  fatty  acids  having  from  12 
to  about  22  carbon  atoms;  and  mixtures  thereof;  to  form  the 
drilling  fluid  and  circulating  the  drilling  fluid  containing  the 
powdered  seepage  loss  reducer  in  the  well  bore.  When  the 
circulation  of  the  drilling  fluid  containing  the  seepage  loss 
reducer  takes  place,  the  seepage  loss  reducer  reacts  with  the 
monovalent  and  polyvalent  cations  contained  in  the  forma- 
tion  to  form  a  seal  in  the  formation  adjacent  to  the  well  bore. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   t h e   p r e v e n t i o n  

of  d r i l l i n g   f l u i d   l o s s   in  s u b t e r r a n e a n   f o r m a t i o n s   and ,   m o r e  

p a r t i c u l a r l y ,   to   a  m e t h o d   of  l i m i t i n g   and  l o c a l i z i n g   t h e  

p e n e t r a t i o n   of  an  o i l - b a s e  d r i l l i n g   f l u i d   i n t o   p o r o u s  

u n d e r g r o u n d   s t r a t a ,   c r e v i c e s ,   and  f i s s u r e s   d u r i n g   t h e  

d r i l l i n g   of  a  w e l l   in  a  p e r m e a b l e   s u b t e r r a n e a n   f o r m a t i o n .  

In  t h e   d r i l l i n g   of  a  w e l l   i n t o   t h e   e a r t h   b y  

r o t a r y   d r i l l i n g   t e c h n i q u e s ,   a  d r i l l   b i t   i s   a t t a c h e d   to   a  

d r i l l   s t r i n g   and  t h e   d r i l l   b i t   i s   r o t a t e d   in  c o n t a c t   w i t h  

t h e   e a r t h   to   cu t   and  b r e a k   t h e   e a r t h   and  form  a  w e l l   t h e r e i n .  

A  d r i l l i n g   f l u i d   i s   c i r c u l a t e d   b e t w e e n   t h e   s u r f a c e   of  t h e  

e a r t h   and  t h e   b o t t o m   of  t h e   w e l l   to   r emove   d r i l l   c u t t i n g s  

t h e r e f r o m ,   l u b r i c a t e   t h e   b i t   and  d r i l l   s t r i n g ,   and  t o   a p p l y  

h y d r o s t a t i c   p r e s s u r e   to   t h e   w e l l   to   c o n t r o l   t h e   f l o w   o f  

f l u i d s   i n t o   t h e   w e l l   f rom  t h e   e a r t h   f o r m a t i o n   p e n e t r a t e d   b y  

t h e   w e l l .  

D r i l l i n g   f l u i d s   commonly   e m p l o y e d   i n c l u d e   g a s e o u s  
and  l i q u i d   d r i l l i n g   f l u i d s .   L i q u i d   d r i l l i n g   f l u i d s ,   o f t e n  

c a l l e d   " d r i l l i n g   m u d s " ,   may  have   a  l i q u i d   b a s e   w h i c h   i s  

w a t e r   or  an  o i l   b a s e   w h i c h   i s   a  h y d r o p h o b i c   s u b s t a n c e   s u c h  

as  o i l .   Oi l   b a s e   f l u i d s   commonly   i n c l u d e   a  m i n o r   p o r t i o n   o f  

w a t e r   p r e s e n t   in  t h e   o i l   as  an  e m u l s i o n   of  t h e   w a t e r - i n - o i l  

( i n v e r t )   t y p e .  

In  t he   d r i l l i n g   of  a  w e l l   i n t o   t h e   e a r t h ,   a  

p r o b l e m   s o m e t i m e s   o c c u r s   wh ich   i n v o l v e s   t h e   l o s s   o f  



u n a c c e p t a b l y   l a r g e   a m o u n t s   of  d r i l l i n g   f l u i d   i n t o   s t r a t a ,  

c r e v i c e s   and  f i s s u r e s   of  a  f o r m a t i o n   p e n e t r a t e d   by  t h e  

w e l l .   T h i s   i s   s o m e t i m e s   r e f e r r e d   to   as  " l o s t   c i r c u l a t i o n " .  

Such  a  f o r m a t i o n   or  p o r t i o n   t h e r e o f   t h a t   a c c e p t s   t h e  

d r i l l i n g   f l u i d   i s   commonly  t e r m e d   a  " l o s t   c i r c u l a t i o n   z o n e " .  

L o s t   c i r c u l a t i o n   may  o c c u r   when  t h e   w e l l   e n c o u n t e r s   a  

f o r m a t i o n   of  a n  u n u s u a l l y   h i g h   p e r m e a b i l i t y   or  one  w h i c h  

has   n a t u r a l l y   o c c u r r i n g   f r a c t u r e s   or  f i s s u r e s .   L o s t  

c i r c u l a t i o n   may  a l s o   o c c u r   by  t h e   i n a d v e r t e n t   f r a c t u r i n g  
of  a  f o r m a t i o n   d u r i n g   d r i l l i n g   o p e r a t i o n s   s u c h   f r a c t u r i n g  

s o m e t i m e s   o c c u r s   when  t h e   d e n s i t y   of  t h e   mud  i s   i n c r e a s e d   t o  

p r o v i d e   a  s u f f i c i e n t l y   h i g h   h y d r o s t a t i c   p r e s s u r e   to  c o n t r o l  

h i g h   f o r m a t i o n   p r e s s u r e s .   O t h e r   i n a d v e r t e n t   f r a c t u r i n g   o f  

f o r m a t i o n s   s o m e t i m e s   o c c u r s   b e c a u s e   of  f l u c t u a t i o n s   of  t h e  

h y d r o s t a t i c   p r e s s u r e   i m p o s e d   on  t h e   f o r m a t i o n s   due  t o  

m o v e m e n t s   of  t h e   d r i l l   s t r i n g   and  w e l l   c a s i n g   in  a  w e l l .  

In  a d d i t i o n   to   l o s t   c i r c u l a t i o n ,   l o s s e s   due  t o  

f i l t r a t i o n   a n d / o r   s e e p a g e   a r e   a l s o   commonly   e n c o u n t e r e d  

d r i l l i n g   p r o b l e m s .   S e e p a g e   i s   a  p r o b l e m   p r i m a r i l y   i n c u r r e d  

w h i l e   s p u d d i n g   t h o u g h   i t   may  c o n t i n u e   d u r i n g   t h e   e n t i r e  

d r i l l i n g   p h a s e .  

Oi l   b a s e   d r i l l i n g   f l u i d s   a re   g e n e r a l l y   more  e x -  

p e n s i v e   t h a n   w a t e r - b a s e   d r i l l i n g   f l u i d s .   N e v e r t h e l e s s ,  

t h e y   h a v e   a  n u m b e r   of  a d v a n t a g e s   t h e r e o v e r .   Thus ,   o i l   b a s e  

f l u i d s   p r e v e n t   f o r m a t i o n   damage  to   w a t e r   s e n s i t i v e   r e s e r v o i r s  

and  p r e v e n t   h o l e   e n l a r g e m e n t   and  p e r m i t   c o r i n g   in  w a t e r -  

s o l u b l e   r o c k s ,   s u c h   as  s a l t .   In  a d d i t i o n ,   o i l   b a s e   d r i l l i n g  

f l u i d s   m a i n t a i n   s t a b l e   mud  p r o p e r t i e s   in  deep   and  h i g h  

t e m p e r a t u r e   h o l e s   wh ich   r e q u i r e   h e a v y   mud.  F u r t h e r ,   t h e s e  

f l u i d s   p r e v e n t   c o r r o s i o n   of  t h e   d r i l l   p i p e ,   c a s i n g ,   a n d  

t u b i n g   w h i c h   r e d u c e s   e x p e n s i v e   w o r k o v e r s .   They  u s u a l l y   a l l o w  

an  i n c r e a s e d   d r i l l i n g   r a t e   b e a c a u s e   of  b e t t e r   l u b r i c a t i o n   a n d  

r e m o v a l   of  t h e   s h e l l   c u t t i n g s   w i t h o u t   d i s i n t e g r a t i o n   of  t h e  

c u t t i n g s .   A n o t h e r   a d v a n t a g e   w i t h   o i l   b a s e   d r i l l i n g   f l u i d s   i s  

t h a t   t h e y   g e n e r a l l y   can  be  r e c l a i m e d   f o r   a  l a t e r   use  and  t h i s  



r e d u c e s   t h e   o v e r a l l   c o s t .  

I t   i s   d e s i r a b l e ,   f o r   a  n u m b e r   of  r e a s o n s ,   t o  

r e d u c e   t h e   l o s s   of  a  d r i l l i n g   f l u i d   d u r i n g   a  d r i l l i n g  

o p e r a t i o n .   For  i n s t a n c e ,   o i l - b a s e   d r i l l i n g   f l u i d s   a r e  

e x p e n s i v e   and  t h e i r   l o s s   can  a p p r e c i a b l y   i n c r e a s e   t h e  

c o s t   of  a  d r i l l i n g   o p e r a t i o n .   In  a d d i t i o n ,   i f   t he   o i l  

b a s e   f l u i d s   wet  t h e   f o r m a t i o n   by  l e a k a g e   d u r i n g   t h e   d r i l l i n g  

o p e r a t i o n ,   t h e   r e s u l t   can  l e a d   one  to   b e l i e v e   t h a t   t h e  

f o r m a t i o n   i s   a  p r o d u c i n g   f o r m a t i o n .  

The  r e d u c t i o n   in  s e e p a g e   l o s s   of  a  d r i l l i n g   f l u i d  

has   b e e n   a  l o n g   s t a n d i n g   p r o b l e m   w i t h   d r i l l i n g   f l u i d s   a n d  

v a r i o u s   m e t h o d s   h a v e   been   u s e d   in  t h e   p a s t   to   a l l e v i a t e   t h i s  

p r o b l e m .   For   e x a m p l e ,   U.S.   P a t e n t   4 , 2 2 2 , 4 4 4   d i s c l o s e s   t h e  

use   of  m a g n e t i c   m a t e r i a l   to  r e d u c e   t h e   a m o u n t   of  d r i l l i n g  

f l u i d   l o s t   to   a  f o r m a t i o n .   Also   U.S .   P a t e n t   3 , 5 0 9 , 9 5 1  

d i s c l o s e s   t h e   use   of  a  wax  e m u l s i o n   to   c o n t r o l   t h e   l o s s   o f  

a  d r i l l i n g   f l u i d   w h i l e   d r i l l i n g   a  w e l l .   In  a d d i t i o n ,   f i b r o u s  

m a t e r i a l s   h a v e   b e e n   u s e d   in  d r i l l i n g   f l u i d s   in  o r d e r   t o  

form  a  s h e a t h   on  t h e   f o r m a t i o n   s u r f a c e   and  p r e v e n t   t h e   l o s s   o f  

t h e   d r i l l i n g   f l u i d   i n t o   t he   f o r m a t i o n .  

We  have   now  f o u n d   t h a t   t h e   l o s s   of  o i l - b a s e d  

f l u i d s   can  be  r e d u c e d   by  i n c l u d i n g   t h e r e i n   c e r t a i n   s e e p a g e  
l o s s   r e d u c e r s .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   i s  

p r o v i d e d   a  m e t h o d   of  d r i l l i n g   an  o i l   w e l l   in  a  s u b t e r r a n e a n  

f o r m a t i o n   h a v i n g   c o n n a t e   w a t e r   c o n t a i n i n g   m o n o v a l e n t   a n d  

p o l y v a l e n t   c a t i o n s ,   wh ich   m e t h o d   c o m p r i s e s :  

a.  c i r c u l a t i n g   in  t h e   w e l l   d u r i n g   t h e   d r i l l i n g   a  d r i l l i n g  

f l u i d   h a v i n g   a  d e n s i t y   from  a b o u t   8 .0   to   a b o u t   25  p o u n d s  

pe r   U.S.   g a l l o n   (960  to   3000  kg/n13)  and  c o m p r i s i n g :  

(1)  an  o i l - b a s e   l i q u i d   s a i d   l i q u i d   c o m p r i s i n g   f r o m  

a b o u t   60  to   a b o u t   99  p e r c e n t   by  v o l u m e   o i l   and  a b o u t   1 

to  a b o u t   40  p e r c e n t   by  v o l u m e   w a t e r ;  

(2)  a  s e e p a g e   l o s s   r e d u c e r   p r e s e n t   in  t h e   r a n g e   o f  

f rom  a b o u t   1  to   a b o u t   25  p o u n d s   pe r   b a r r e l   ( 2 . 8 5   t o  

7 1 . 2 5   k g / m 3 )   of  d r i l l i n g   f l u i d   and  s e l e c t e d   f r o m  



p o w d e r e d   s i l i c a t e s   h a v i n g   a  m o l a r   r a t i o  o f   s i l i c o n  

d i o x i d e   to   a l k a l i   m e t a l   o x i d e   in  t h e   r a n g e   of  f r o m  

a b o u t   1 . 5 : 1   to   a b o u t   3 . 3 : 1   and  w h e r e i n   t h e   a l k a l i  

m e t a l   i s   s o d i u m   or  p o t a s s i u m ;   or  m i x t u r e s   of  t w o  

or  more  t h e r e o f ;   or  an  ammonium  soap   of  a  f a t t y  

a c i d   h a v i n g   f rom  a b o u t   12  to   a b o u t   22  c a r b o n   a t o m s ;  

or  any  m i x t u r e   of  two  or  more  t h e r e o f ;   a n d  

(3)  a  w e i g h t i n g   a g e n t   p r e s e n t   in  an  a m o u n t   s u f f i c i e n t  

to   p r o d u c e   a  d e n s i t y   of  s a i d   d r i l l i n g   f l u i d   of  f r o m  

a b o u t   8 .0   to   a b o u t   2 5 . 0   p o u n d s   pe r   U .S .   g a l l o n  

(960  to   3000  k g / m 3 ) ;  

(4)  an  e m u l s i f y i n g   a g e n t   p r e s e n t   in  t h e   r a n g e   o f  

f rom  a b o u t   0.1  p e r c e n t   t o  a b o u t   9.0  p e r c e n t   b y  

w e i g h t   of  t h e   w e i g h t i n g   a g e n t   and  t he   o i l - b a s e   l i q u i d ,  

and  s e l e c t e d   f rom  a  f a t t y   a c i d ,   an  amine   d e r i v a t i v e  

of  a  f a t t y   a c i d ,   an  amide   d e r i v a t i v e   of  a  f a t t y   a c i d ,  

and  any  m i x t u r e   of  two  or  more  t h e r e o f .  

The  i n v e n t i o n   a l s o   i n c l u d e s   a  m e t h o d   w h e r e i n  

t h e   s e e p a g e   l o s s   r e d u c e r   i s   a  p o w d e r e d   a m o r p h o u s   s i l i c a t e  

h a v i n g   a  m o l a r   r a t i o   of  s i l i c o n   d i o x i d e   to   a l k a l i   m e t a l  

o x i d e   in   t h e   r a n g e   of  f rom  a b o u t   2 . 0 : 1   to   a b o u t   2 . 7 : 1 .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d   o f  

a l l e v i a t i n g   t h e   l o s s   of  an  o i l - b a s e   d r i l l i n g   f l u i d   i n t o  

a  s u b t e r r a n e a n   f o r m a t i o n   t h a t   c o n t a i n s   m o n o v a l e n t   and  p o l y -  

v a l e n t   c a t i o n s   and  i s   p e n e t r a t e d   in  t he   d r i l l i n g   of  a  w e l l .  

The  m e t h o d   has   p a r t i c u l a r   a p p l i c a t i o n   in  c o n t r o l l i n g  

p a r t i a l   l o s t   c i r c u l a t i o n   or  s e e p a g e   when  d r i l l i n g   w i t h   o i l -  

b a s e   f l u i d s   and  i s   h e r e a f t e r   d e s c r i b e d   w i t h   r e f e r e n c e   t o  

s u c h   f l u i d s .  

The  o i l - b a s e   d r i l l i n g   f l u i d   u sed   to   c a r r y   out   t h e  

m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   has   a  d e n s i t y   of  f rom  a b o u t  

8 .0   to   a b o u t   2 5 . 0   p o u n d s   pe r   U.S.   g a l l o n   (960  to   3000  k g / m 3 )  

and  c o m p r i s e s   an  o i l - b a s e   l i q u i d   c o m p r i s i n g   f rom  a b o u t  

6 0 . 0   to   a b o u t   9 9 . 0   p e r c e n t   by  vo lume   of  o i l   and  f r o m  

a b o u t   1  to   a b o u t   40  p e r c e n t   by  vo lume   of  w a t e r ,   a  w e i g h t i n g  



a g e n t   p r e s e n t   in  an  amount   s u f f i c i e n t   to   p r o d u c e   a 

d r i l l i n g   f l u i d   h a v i n g   t h e   above   d e n s i t y ,   f rom  a b o u t  

1.0  t o  



about  9.0  percent   by  weight  of  an  emuls i fy ing   agent  (based  on 

the  combined  weight  of  the  o i l - b a s e   l i qu id   which  c o m p r i s e s  

the  oi l   and  the  water,   and  the  weight ing  agent)  and  a  s eepage  

loss  r e d u c e r .  

The  seepage  loss  reducer   used  to  carry  out  the  method  of 

the  p r e sen t   i nven t ion   is  s e l e c t e d   from  the  group  c o n s i s t i n g  

of  a  powdered  s i l i c a t e   having  a  molar  r a t i o   of  s i l i c o n  

dioxide   to  a l k a l i   metal  oxide  in  the  range  of  from  a b o u t  

1.5:1  to  about  3 .3:1  wherein  the  a l k a l i   metal  is  s e l e c t e d  

from  the  group  c o n s i s t i n g   of  sodium,  potass ium,  and  m i x t u r e s  

t h e r e o f ,   and  an  ammonium  soap  of  a  f a t t y   acid  having  from 

about  12  to  about  22  carbon  atoms.  The  o i l - b a s e   d r i l l i n g  

f l u i d   con ta in ing   the  seepage  loss  reducer   is  c i r c u l a t e d   i n  

the  well  bore  and  the  seepage  loss  reducer  r e a c t s   with  t h e  

monovalent  and  p o l y v a l e n t   c a t i o n s   such  as  sodium,  magnesium, 

or  calcium,  in  the  s u b t e r r a n e a n   format ion  to  form  a  seal  i n  

the  format ion  ad j acen t   to  the  well  b o r e .  

The  s i l i c a t e   compounds  tha t   can  be  employed  in  t h e  

method  descr ibed   here in   have  a  molar  r a t i o   of  s i l i c o n   d i o x i d e  

to  a l k a l i   metal  oxide  in  the  range  of  from  about  1 .5:1  t o  

about  3 .3 :1 .   To  improve  the  s ea l ing   a b i l i t y   of  the  s i l i c o n  

d iox ide ,   i t   is  d e s i r a b l e   to  have  a  high  r a t i o   of  s i l i c o n  

dioxide   to  a l ka l i   metal  oxide.   Such  a  high  r a t i o   also  r e d u -  

ces  the  amount  of  a l k a l i   metal  oxide  that   must  be  n e u t r a l i z e d  

to  produce  g e l l i n g   and  s e a l i n g .   Higher  r a t i o s   are  g e n e r a l l y  

more  d i f f i c u l t   to  d i s s o l v e .  



Therefore ,   it  is  p r e f e r a b l e   to  mainta in   the  molar  r a t i o  

of  s i l i c o n   d ioxide   to  a l k a l i   metal  oxide  in  the  range  of  from 

about  2.0:1  to  about  2 .7 :1 .   Most  p r e f e r a b l y ,   the  r a t i o   of 

s i l i c o n   dioxide  to  a l k a l i   metal  oxide  is  mainta ined  at  a 

r a t io   of  about  2 .5 :1 .   S i l i c a t e s   of  such  r a t i o   have  s h o r t  

d i s s o l u t i o n   times  while  s t i l l   having  r e l a t i v e l y   high  s i l i c o n  

dioxide  d e n s i t i e s .  

In  order  to  be  r a p i d l y   d i s s o l v a b l e ,   the  powdered  s i l i -  

cate  is  p r e f e r a b l y   p a r t i a l l y   hydra ted .   Over -hydra t ion   o r  

u n d e r - h y d r a t i o n ,   however,  produces  a  less   s a t i s f a c t o r y  

powder.  Ove r -hyd ra t i on   (more  than  about  20%  water  content   by 

weight)  produces  amorphous  p a r t i c l e s   which  tend  to  flow  and 

slowly  convert   to  c r y s t a l l i n e   s i l i c a t e   which  is  s l o w l y  

soluble .   U n d e r - h y d r a t i o n   ( less   than  about  12%  water  c o n t e n t  

by  weight)  r e s u l t s   in  p a r t i c l e s   which  are  c r y s t a l l i n e   i n i -  

t i a l l y   and,  t h e r e f o r e ,   are  d i f f i c u l t   to  d i s s o l v e .   Most  p r e -  

fe rab ly ,   the  p a r t i a l l y   hydrated  powdered  s i l i c a t e   of  t h e  

present   i nven t ion   has  a  water  content   in  the  range  of  from 

about  14%  to  about  16%  by  weight  of  the  hydrated  s i l i c a t e .  

Amorphous  p a r t i c l e s   with  t h i s   hydra t ion   are  r e l a t i v e l y   s t a b l e  

and  are  e a s i l y   d i s s o l v e d .  

The  s i l i c a t e   of  the  p re sen t   i nven t ion   is  p r e f e r a b l y  

comprised  of  amorphous  p a r t i c l e s   of  the  p a r t i a l l y   h y d r a t e d  

s i l i c a t e .   C r y s t a l l i n e   p a r t i c l e s   are  not  r e a d i l y   d i s s o l v a b l e .  

In  the  s i l i c a t e s   of  the  p resen t   i n v e n t i o n ,   e i t h e r   sodium 

or  potassium  or  mixtures   the reof   can  be  u t i l i z e d   as  t h e  



a l k a l i   m e t a l   in  t h e   s i l i c a t e .   The  s i l i c a t e   of  t h e   p r e s e n t  

i n v e n t i o n   can  be  r e p r e s e n t e d   by  t he   f o r m u l a   S i 0 2 : M 2 0 .   As 

s t a t e d   a b o v e ,   M  i s   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

s o d i u m ,   p o t a s s i u m   and  m i x t u r e s   t h e r e o f .   O t h e r   a l k a l i  

m e t a l s ,   such   as  l i t h i u m   and  r u b i d i u m   a r e   n o t   s u i t a b l e  

b e c a u s e   of  t h e i r   s i g n i f i c a n t l y   d i f f e r e n t   p r o p e r t i e s .  

In  t h e   p r e p a r a t i o n   of  t h e   r a p i d l y   d i s s o l v a b l e  

p o w d e r e d   s i l i c a t e   of  t h e   p r e s e n t   i n v e n t i o n ,   d e h y d r a t i o n   b y  

h e a t i n g   a  s o l u t i o n   of  a p p r o p r i a t e   s i l i c o n   d i o x i d e - a l k a l i  

m e t a l   o x i d e   r a t i o   i s   n o t   s u i t a b l e .   D e h y d r a t i o n   by  h e a t i n g  

or  b o i l i n g   of  such   a  s o l u t i o n   p r o d u c e s   a  s t a b l e   s i l i c a t e  

w h i c h   i s   o n l y   v e r y   s l o w l y   s o l u b l e .  

To  p r o d u c e   a  r a p i d l y   d i s s o l v a b l e   p o w d e r e d   s i l i c a t e ,  

two  m e t h o d s   a re   a p p r o p r i a t e .   The  f i r s t   m e t h o d   c o n s i s t s   o f  

s p r a y   d r y i n g   a  s i l i c a t e   s o l u t i o n   h a v i n g   a  t e m p e r a t u r e   l e s s  

t h e n   1 0 0  F   ( 3 8  C ) .   The  s p r a y   d r y i n g   p r o d u c e s   a  p o w d e r  

of  a m o r p h o u s   g l a s s   p a r t i c l e s .   F u r t h e r m o r e ,   i t   a l l o w s  

p r o d u c t i o n   of  a  p a r t i a l l y   h y d r a t e d   p o w d e r e d   s i l i c a t e   h a v i n g  

a  w a t e r   c o n t e n t   in  t h e   r a n g e   of  f rom  a b o u t   14%  to   a b o u t   16% 

by  w e i g h t   of  t h e   h y d r a t e d   s i l i c a t e .   As  s t a t e d   a b o v e ,   t h i s  

r a n g e   of  p a r t i a l   h y d r a t i o n   and  t h e   a m o r p h o u s   g l a s s   q u a l i t y  

of  t h e   p a r t i c l e s   have   a  s i g n i f i c a n t   e f f e c t   upon   t h e   a b i l i t y  
of  t h e   s i l i c a t e   to   d i s s o l v e .  

In  p r o d u c i n g   t h e   p o w d e r e d   s i l i c a t e   by  s p r a y  

d r y i n g ,   a  s i l i c a t e   s o l u t i o n   h a v i n g   a  d e s i r e d   r a t i o   of  s i l i c o n  

d i o x i d e   to   a l k a l i   m e t a l   o x i d e   in  t h e   r a n g e   of  f rom  a b o u t  

1 . 5 : 1   to   a b o u t   3 . 3 : 1   i s   p r e p a r e d   and  m a i n t a i n e d   a t   a 

t e m p e r a t u r e   l o w e r   t h a n   1 1 0  F   (430C)  and  p r e f e r a b l y   l o w e r  

t h a n   850F  ( 3 0 o C ) .   T h i s   s o l u t i o n   i s   d e l i v e r e d   to   a  s p r a y  

d r y i n g   d e v i c e   wh ich   p r o d u c e s   r a p i d   c o o l i n g   and  r a p i d   d e -  

h y d r a t i o n   of  s m a l l   d r o p l e t s   of  t h e   s o l u t i o n .   In  t h e   p r o c e s s  
of  r a p i d l y   c o o l i n g   and  d e h y d r a t i n g ,   t h e   d r o p l e t s   p a s s   f r o m  

an  e q u i l i b r i u m   to  a  n o n - e q u i l i b r i u m   s t a t e   s u c h   t h a t   a n  

e a s i l y   s o l u b l e   a m o r p h o u s   g l a s s   p a r t i c l e   i s   f o r m e d .   The  

c o o l i n g   and  d e h y d r a t i o n   must   be  r a p i d   e n o u g h   to   p r e v e n t   t h e  



s i l i c a t e   f rom  b e i n g   c o n v e r t e d   to   a  s l o w l y   s o l u b l e   c r y s t a l  

s t a t e .   I f   n e c e s s a r y ,   t h e   s o l u t i o n   can  be  r e f r i g e r a t e d  

and  t h e   s p r a y   d i r e c t e d   a g a i n s t   a  c o o l e d   b a f f l e   or  t h e  

l i k e .  

The  s e c o n d   m e t h o d   of  p r e p a r i n g   t h e   r a p i d l y  

d i s s o l v a b l e   p o w d e r e d   s i l i c a t e   a l s o   u t i l i z e s   r a p i d   d e h y -  

d r a t i o n   a t   a  r e l a t i v e l y   low  t e m p e r a t u r e .   In  t h i s   m e t h o d ,  

h o w e v e r ,   d e h y d r a t i o n   i s   a c h i e v e d   by  a d d i n g   a  d e h y d r a t i o n  

a g e n t   to   t h e   s i l i c a t e   s o l u t i o n   of  t h e   a p p r o p r i a t e   r a t i o .  

D u r i n g   t h e   d e h y d r a t i o n ,   t h e   s o l u t i o n   mus t   be  m a i n t a i n e d  

at   a  t e m p e r a t u r e   l e s s   t h a n   110°F  (430C)   and  p r e f e r a b l y   l e s s  

t h a n   850F  ( 3 0 0 C ) .   F u r t h e r m o r e ,   to   a v o i d   c r y s t a l l i z a t i o n  

and  a g g l o m e r a t i o n   of  some  of  t h e   a m o r p h o u s   p a r t i c l e s ,  

i t   i s   n e c e s s a r y   t o   r a p i d l y   s h e a r   t h e   s o l u t i o n   as  t h e   d e -  

h y d r a t i o n   a g e n t   i s   a d d e d .   P r e f e r r e d   d e h y d r a t i o n   a g e n t s  

i n c l u d e   e t h a n o l ,   m e t h a n o l   and  a c e t o n e .   Less   s u i t a b l e   a r e  

i s o p r o p y l   a l c o h o l ,   b u t y l   a l c o h o l ,   and  e t h y l e n e   g l y c o l   m o n o b u t y l  

e t h e r .   Also   l e s s   s u i t a b l e   a re   s a t u r a t e d   s a l t   s o l u t i o n s  

such   as  t h o s e   of  s o d i u m   c h l o r i d e   and  p o t a s s i u m  



c h l o r i d e .  

As  a  d e h y d r a t i o n   agent  such  as  e thanol   is  added  to  t h e  

s i l i c a t e   s o l u t i o n   undergoing  rapid  shear ing ,   p a r t i c l e s   o f  

p a r t i a l l y   hydra ted   amorphous  s i l i c a t e   are  p r e c i p i t a t e d   f rom 

the  s i l i c a t e   s o l u t i o n .   These  p a r t i c l e s   are  separa ted   f rom 

the  l i qu id   and  then  dried  without   hea t ing .   For  example,  

a d d i t i o n a l   a lcohol   can  be  added  to  the  p a r t i c l e s   and  t h e n  

allowed  to  evapora t e   at  room  t e m p e r a t u r e .  

In  e i t h e r   the  spray  drying  or  p r e c i p i t a t i o n   methods ,  

t r ace   amounts  of  l i t h ium  and  copper  can  be  added  to  help  p r e -  

vent  c r y s t a l l i z a t i o n   o f  t he   s i l i c a t e s .   Lithium  provides  an 

under s i zed   atomic  p a r t i c l e   and  copper  provides   an  o v e r s i z e d  

atomic  p a r t i c l e   to  a s s i s t   in  b reaking   up  c r y s t a l l i n e   p a t t e r n s  

as  they  form.  Other  s u i t a b l e   under s i zed   or  overs ized  a tomic  

p a r t i c l e s   can  be  u t i l i z e d .  

In  order  to  be  r ap id ly   d i s s o l v a b l e ,   it  is  d e s i r a b l e   t o  

have  the  amorphous  p a r t i c l e s   of  the  powdered  s i l i c a t e   s m a l l e r  

than  40-mesh  s ize .   If  a  s i g n i f i c a n t   number,  10%  for  example ,  

of  p a r t i c l e s   are  l a r g e r   than  40-mesh  size,   f i e ld   use  is  ham- 

pered.   To  a r r i v e   at  a  powder  having  less  than  40-mesh  s i z e ,  

the  powder  r e s u l t i n g   from  the  p r e p a r a t i o n   methods  can  be  

screened  or  ground  un t i l   the  a p p r o p r i a t e   size  is  a c h i e v e d .  

Also,  the  p a r t i c l e   size  can  be  c o n t r o l l e d   in  the  f o r m a t i o n  

process   of  spray  drying  or  p r e c i p i t a t i o n   with  methods  t h a t  

are  well  known. 

By  u t i l i z i n g   the  powdered  s i l i c a t e   of  the  present   i n v e n -  



t ion ,   an  improved  method  of  p reven t ing   l eak -o f f   into  the  f o r -  

mation  of  an  o i l - b a s e   d r i l l i n g   f lu id   is  achieved.   I f  

d e s i r e d ,   the  powdered  s i l i c a t e   can  be  s tored  at  the  w e l l  

l o c a t i o n   p r io r   to  i t s   use.  Furthermore,   the  s to rage   of  t h e  

s i l i c a t e   can  occur  at  t empera ture   below  f r eez ing   w i t h o u t  

adverse  e f f e c t   to  the  powdered  s i l i c a t e   m a t e r i a l .  

Potass ium  s i l i c a t e   is  less  r e a c t i v e   with  calcium  and 

other   di-  and  p o l y v a l e n t   ions  than  sodium  s i l i c a t e ,   b u t  

g e l l i n g   s t i l l   r e s u l t s   upon  combination  with  a  s u f f i c i e n t  

amount  of  these  agents   or  a  s u f f i c i e n t   amount  of  r e a c t i o n  

time.  The  slower  g e l l i n g   time  and  higher  c o n c e n t r a t i o n   of 

g e l l i n g   agent  or  c a t a l y s t   can,  t h e r e f o r e ,   be  u t i l i z e d   to  p r o -  

duce  g e l l i n g   at  a  des i r ed   time  or  l oca t i on   where  sodium  s i l i -  

cate  would  not  be  s u i t a b l e .  

The  ammonium  soaps  of  the  f a t t y   acids  tha t   are  used  as  

the  seepage  loss  reducer   used  in  ca r ry ing   out  the  method  of  

the  p r e s e n t   i nven t ion   gene ra l l y   comprise  f a t t y   acids   hav ing  

from  about  12  to  about  22  carbon  atoms  and  p r e f e r a b l y   a b o u t  

16  to  about  18  carbon  atoms.  Fur ther ,   both  so l id   and  o i l  

d i s p e r s e d   ammonium  soaps  of  the  f a t t y   acids  may  be  used  in  

the  p r e s e n t   i n v e n t i o n .   Examples  of  ammonium  soaps  of  f a t t y  

acids   tha t   can  be  used  to  carry  out  the  method  of  the  i n v e n -  

t ion  inc lude   u n s a t u r a t e d   f a t t y   acids  such  as  p a l m i t o l e i c  

acid ,   o l e i c   acid,   r i c i n o l e i c   acid,   l i n o l e i c   ac id ,   l i n o l e n i c  

acid,   e l e o s t e a r i c   acid,   gadole ic   acid,   e rucic   acid,   and 

s a t u r a t e d   f a t t y   acids  such  as  l a u r i c   acid.   The  p r e f e r r e d  



f a t t y   acids  are  o l e i c   acid,   r i c i n o l e i c   acid  and  p a l m i t o l e i c  

a c i d .  

The  p r e f e r r e d   seepage  loss  reducer   is  powdered  s i l i c a t e .  

The  oil  used  in  the  d r i l l i n g   f lu id   of  the  present   i n v e n -  

t ion  are  well  known  in  the  art   and  include  s u b s t a n t i a l l y   a l l  

hydrocarbon  m a t e r i a l s   such  as  crude  oi l ,   both  sweet  and  s o u r ,  

a  p a r t i a l l y   r e f ined   f r a c t i o n   of  crude  oil   (e.g.  side  c u t s  

from  crude  columns,  crude  column  overheads ,   gas  o i l s ,   k e r o -  

sene,  heavy  naphthas ,   naphthas ,   s t r a i g h t - r u n   g a s o l i n e ,  

l i q u i f i e d   pe t ro leum  gases ) ;   r e f ined   f r a c t i o n s   of  crude  o i l  

(propane,   butane,   pentane ,   decane,  e t c . )   and  s y n t h e s i z e d  

hydrocarbons   i nc lud ing   ha logena ted   hydrocarbons .   From an 

economical   s t a n d p o i n t ,   the  hydrocarbon  is  p r e f e r a b l y   a  p a r -  

t i a l l y   r e f ined   f r a c t i o n   of  crude  oil   (e .g.   d iese l   f u e l ,  

minera l   o i l ,   or  a  g a s o l i n e   c u t - o f f   of  a  crude  column).  The 

i n v e n t i o n ,   however  is  not  l im i t ed   to  any  p a r t i c u l a r   type  of 

oi l   or  mixtures   t h e r e o f .  

An  emu l s i fy ing   agent  is  used  to  carry   out  the  method  o f  

the  p r e s e n t   i n v e n t i o n .   P r e f e r a b l y   the  emuls i fy ing   a g e n t  

comprises   a  f a t t y   acid  or  an  amine  or  an  amide  d e r i v a t i v e   o f  

a  f a t t y   acid.   These  emul s i fy ing   agents  are  d i sc losed   in  U.S.  

Pa ten t   4,233,162  which  is  here in   i n c o r p o r a t e d   by  r e f e r e n c e .  

S p e c i f i c   examples  of  s u i t a b l e   s a t u r a t e d   f a t t y   acids  a r e  

c a p r i c ,   l a u r i c ,   m y r i s t i c ,   p a l m i t i c ,   s t e a r i c ,   and  behen ic  

ac ids .   S u i t a b l e   u n s a t u r a t e d   f a t t y   acids  are  monoethenoid 

a c i d s ,   such  as  c a p r o l e i c ,   l a u r o l e i c ,   m y r i s t o l e i c ,   p a l m i t o -  



l e i c ,   o l e i c ,   and  c e t o l e i c   a c i d s ,   d i e t h a n o i d   a c i d s ,   s u c h   a s  
l i n o l e i c   a c i d ;   and  t r i e t h e n o i d   a c i d s ,   such  as  l i n o l e n i c  

a c i d .   From  a  c o m m e r c i a l   s t a n d p o i n t ,   m i x t u r e s   of  f a t t y  

a c i d s   d e r i v e d   f rom  t a l l o w ,   t a l l   o i l ,   s o y b e a n   o i l ,   c o c o n u t  

o i l ,   and  c o t t o n s e e d   o i l   have   b e e n   f o u n d   to   be  s u i t a b l e  

f o r   t h e   p r a c t i c e   of  t h i s   i n v e n t i o n .   Most  p r e f e r a b l y ,   t h e  

e m u l s i f y i n g   a g e n t   c o m p r i s e s   a  m i x t u r e   of  d i m e r i z e d   o l e i c  

a c i d ,   o l e i c   a c i d   and  o l e y l   a m i d e .   Amine  and  amide   d e r i -  

v a t i v e s   of  t h e   f a t t y   a c i d s   can  be  p r e p a r e d   by  m e t h o d s  

w e l l   known  in   t h e   a r t .  

The  a m o u n t   of  e m u l s i f y i n g   a g e n t   used   to   c a r r y  
out   t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   v a r y   w i d e l y  

d e p e n d i n g   upon   t h e   make  up  of  t h e   o i l - b a s e   d r i l l i n g   f l u i d ,  

bu t   w i l l   g e n e r a l l y  b e   in  t h e   r a n g e   of  a b o u t   0.1  t o   a b o u t  

9 .0  w e i g h t   p e r c e n t   b a s e d   on  t h e   c o m b i n e d   w e i g h t   of  t h e   o i l -  

b a s e   l i q u i d   and  w e i g h t i n g   a g e n t   p r e s e n t   in  t h e   o i l - b a s e  

d r i l l i n g   f l u i d   t o   g i v e   t h e   d r i l l i n g   f l u i d   a  d e n s i t y   of  a b o u t  

8.0  to   2 5 . 0   p o u n d s   per   U.S.   g a l l o n   (960  to  3000  k g / m 3 ) .  

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  more  f u l l y  

u n d e r s t o o d ,   r e f e r e n c e   i s   made  to   t h e   a c c o m p a n y i n g   d r a w i n g s ,  

w h e r e i n :  

FIGURE  1  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  a  

d r i l l i n g   r i g   and  w e l l ,   s e t   up  f o r   o p e r a t i o n   in  a c c o r d a n c e  

w i t h   t h e   p r e s e n t   i n v e n t i o n ;   a n d  

FIGURE  2  i s   a  c r o s s - s e c t i o n a l   v iew  of  t h e  

a p p a r a t u s   u s e d   to   c a r r y   out   t h e   t e s t s   of  Example   V I .  

R e f e r r i n g   to   F i g u r e   1,  n u m e r a l   4  d e s i g n a t e s   a  w e l l  

b o r e   d r i l l e d   i n t o   t h e   e a r t h ' s   s u r f a c e   (2)  by  a  h o l l o w   d r i l l  

s t r i n g   (6)  d r i l l   b i t   (8)  a t t a c h e d   to   t h e   l ower   end  of  t h e  

d r i l l   s t r i n g .   The  d r i l l   b i t   may  be  a  r o c k   b i t   or  may  be  a  

d r a g   b i t   or  s u i t a b l y   may  be  one  h a v i n g   r o l l e r s   or  c o n i c a l  

c u t t e r s .   The  d r i l l   s t r i n g   (6)  e x t e n d s   up  t he   f l o o r   ( 1 0 )  

of  a  d e r r i c k   (12)   t h r o u g h   a  r o t a r y   t a b l e   (14)  w h i c h   i s  

r o t a t e d   by  means   no t   shown.   The  d r i l l   s t r i n g   i s   s u s p e n d e d  

by  a  b l o c k   (16)   h o i s t i n g   l i n e s   (18)   and  s w i v e l   ( 2 0 ) .   S w i v e l  

(20)   i s  



connected  by  a  f l e x i b l e   l ine  (22)  to  a  d r i l l i n g   mud  pump 

(24).  The  mud  pump  (24),  in  turn ,   connects  to  a  suct ion  l i n e  

(26)  which  connects   to  a  s e t t l i n g   basin  (28)  divided  into  two 

par ts   by  a  weir  (30).  In  the  s ec t i on   (32)  of  the  s e t t l i n g   5 

basin  (28)  the  d r i l l i n g   mud  is  i n t roduced   the re to   by  a  r e t u r n  

di tch  (34)  ca r ry ing   any  m a t e r i a l   r e s u l t i n g   from  the  d r i l l i n g  

o p e r a t i o n .   The  sec t ion   (32)  is  of  s u f f i c i e n t   size  to  p r o v i d e  

a  r e s idence   time  for  s e t t l i n g   of  the  m a t e r i a l   as  a  layer   (36) 

in  the  bottom  of  the  basin  (28).  The  d r i l l i n g   f lu id   flows  by 

l ines   (22)  and  (26)  down  the  hollow  d r i l l   s t r i ng   (6)  and 

out  through  the  eyes  (38)  of  the  d r i l l   bit   (8)  and  up  t h e  

annulus  (40)  to  the  re turn   d i tch   ( 3 4 ) .  

In  accordance  with  the  p r e sen t   i n v e n t i o n ,   the  d r i l l i n g  

f lu id   c o n t a i n i n g   the  seepage  loss   reducer   is  pumped  by  15 

d r i l l i n g   mud  pump  (24)  through  l i ne   (22)  down  the  ho l low 

d r i l l   s t r i n g   (6)  into  the  bi t   (8).   The  d r i l l i n g   mud  p a s s e s  

from  the  eyes  (38)  of  the  d r i l l   b i t   into  the  annulus  ( 4 0 ) .  

The  f lu id   is  main ta ined   in  the  annulus  (40)  under  s u f f i c i e n t  

p ressure   by  the  pump  (24)  to  overcome  the  h y d r o s t a t i c   head  o f  

the  connate  water  in  the  fo rmat ion   (42).  At  zones  in  t h e  

formation  (42)  where  loss  of  the  d r i l l i n g   f lu id   can  o c c u r ,  

the  d r i l l i n g   f lu id   con ta in ing   the  seepage  loss  reducer  comes 

in  con tac t   with  the  water  in  the  fo rmat ion   (42)  which  c o n t a i n s  

monovalent  and  po lyva l en t   ca t ions   such  as  sodium,  p o t a s s i u m ,  

calcium,  and  magnesium.  The  seepage  loss  reducer  in  t h e  

f lu id   upon  con tac t   with  the  water  in  the  formation  (42)  forms 



a  s o l i d   s u b s t a n c e   (44)  a d j a c e n t   to   t h e   w e l l   b o r e .   S i n c e  

t h e   s e e p a g e   l o s s   r e d u c e r   i s   u s e d   to   form  a  s e a l   ( 4 4 ) ,   i t   i s  

at   t i m e s   n e c e s s a r y   to  add  t h e   s e e p a g e   l o s s   r e d u c e r   t o  

r e p l a c e   t h a t   w h i c h   is   d e p o s i t e d   as  a  s e a l   ( 4 4 ) .   One  m a n n e r  

of  a d d i n g   t h e   s e e p a g e   l o s s   r e d u c e d   to   t h e   d r i l l i n g   f l u i d  

i s   by  l i n e   (46)   which   i s   c o n n e c t e d   to   a  t a n k   (48)   w h i c h  

c o n t a i n s   t h e   s e e p a g e   l o s s   r e d u c e r .  

The  amount   of  t h e   s e e p a g e   l o s s   r e d u c e r   u s e d   i n  

t h e   d r i l l i n g   f l u i d   w i l l   v a r y   o v e r   a  wide  r a n g e   d e p e n d i n g  

upon  t h e   a m o u n t   of  c o n n a t e   w a t e r   in  t h e   s u b t e r r a n e a n  

f o r m a t i o n .   G e n e r a l l y ,   h o w e v e r ,   one  p o u n d   of  s e e p a g e   l o s s  

r e d u c e r   p e r   b a r r e l   ( 2 . 8 5   k g / m 3 )   of  o i l - b a s e   d r i l l i n g   f l u i d  

to   a b o u t   25  p o u n d s   of  s e e p a g e   l o s s   r e d u c e r   p e r   b a r r e l  

( 7 1 . 2 5   k g / m 3 )   of  o i l - b a s e   d r i l l i n g   f l u i d   i s   u s e d   to   c a r r y  
ou t   t h e   m e t h o d   of  t h e   i n v e n t i o n   w i t h   a b o u t   5  p o u n d s   to   a b o u t  

10  p o u n d s   of  s e e p a g e   l o s s   r e d u c e r   p e r   b a r r e l   ( 1 4 . 2 5   to   2 8 . 5  
k g / m 3 )   of  o i l - b a s e   d r i l l i n g   f l u i d   b e i n g   t h e   more  p r e f e r r e d  

amoun t   of  s e e p a g e   l o s s   r e d u c e r   to   u se   w i t h   t h e   o i l - b a s e  

d r i l l i n g   f l u i d .  

O t h e r   a d d i t i v e s   commonly   u s e d   in  d r i l l i n g   f l u i d s   may 
a l s o   be  i n c l u d e d   in  t h e   d r i l l i n g   f l u i d .   For  e x a m p l e ,   a  

d i s p e r s i n g   a g e n t ,   s o m e t i m e s   r e f e r r e d   to  as  a  t h i n n i n g   a g e n t  

may  be  i n c l u d e d   to  a i d i n g   and  c o n t r o l l i n g   t h e   v i s c o s i t y   t o  

b e t t e r   p r o v i d e   a  p u m p a b l e   m i x t u r e .   F u r t h e r ,   a  w e i g h t i n g  

m a t e r i a l   may  a l s o   be  e m p l o y e d   to   t a i l o r   t h e   w e i g h t   of  t h e  

d r i l l i n g   f l u i d .   When  a  w e i g h t i n g   m a t e r i a l   i s   e m p l o y e d   i n  

t h e   m e t h o d   of  t h e   i n v e n t i o n ,   any  c o n v e n t i o n a l   w e i g h t i n g  

m a t e r i a l   known  in  t he   a r t   may  be  e m p l o y e d .   E x a m p l e s   o f  

s u i t a b l e   w e i g h t i n g   a g e n t s   i n c l u d e   b a r i t e s ,   i r o n   o x i d e s ,  

and  c a l c i u m   c a r b o n a t e s .   The  w e i g h t i n g   m a t e r i a l   i s   e m p l o y e d  

in  an  e f f e c t i v e   w e i g h t i n g   a m o u n t   w h i c h   can  v a r y   d e p e n d i n g  

on  t h e   c o m p o s i t i o n   of  t h e   d r i l l i n g   f l u i d   and  t h e   d e s i r e d  

d e n s i t y   and  c h a r a c t e r i s t i c s   of  t h e   d r i l l i n g   f l u i d .   S u f f i c i e n t  

w e i g h t i n g   m a t e r i a l   i s   u t i l i z e d   to   g i v e   a  f i n a l   d r i l l i n g   f l u i d  

d e n s i t y   of  f rom  a b o u t   8 .0   to   a b o u t   25 .0   p o u n d s   pe r   U . S .  



g a l l o n   (960  t o   3000  k g / m 3 ) .  

The  w a t e r   c o m p o n e n t   can  be  f r e s h   w a t e r   or  a  b r i n e  

s a t u r a t e d   or  p a r t i a l l y   s a t u r a t e d   w i t h   a l k a l i n e   s a l t s ,  

such   as  c a l c i u m   c h l o r i d e   or  m a g n e s i u m   c h l o r i d e .  

The  e x a c t   m a n n e r   in  w h i c h   t h e   s e e p a g e   l o s s  

r e d u c e r   w h i c h   i s   e i t h e r   an  ammonium  s o a p   of  a  f a t t y   a c i d  

h a v i n g   a b o u t   12  to   a b o u t   22  c a r b o n   a t oms   or  a  s i l i c a t e  

i s   d i s p e r s e d   in   t h e   o i l - b a s e   d r i l l i n g   f l u i d   i s   n o t   o f  

p r i m a r y   i m p o r t a n c e ,   and  i f   d e s i r e d ,   t h e   r e q u i s i t e   a m o u n t   o f  

t h e   s e e p a g e   l o s s   r e d u c e r   may  be  s i m p l y   a d d e d   to   t h e   o i l -  

b a s e   d r i l l i n g   f l u i d   a t   o r d i n a r y   t e m p e r a t u r e s   w h i l e   e m p l o y i n g  

a g i t a t i o n   or  s t i r r i n g   to   o b t a i n   a  u n i f o r m   d r i l l i n g   f l u i d .  

A d d i t i o n a l   m a t e r i a l s ,   s u c h   as  t h e   e m u l s i f y i n g   a g e n t   o r  

w e i g h t i n g   m a t e r i a l   can  be  a d d e d   in  t h e   same  m a n n e r .   S u c h  

o p e r a t i o n s   may  be  c a r r i e d   ou t   a t   t h e   w e l l   s i t e .   S o m e t i m e s  

i t   i s   more  c o n v e n i e n t   to   p r e p a r e   an  i n i t i a l   c o n c e n t r a t e  

c o m p o s i t i o n   c o n t a i n i n g   t h e   s e e p a g e   l o s s   r e d u c e r   w h i c h   c a n  
be  s u b s e q u e n t l y   d i l u t e d   w i t h   b a s e   o i l   to   o b t a i n   t h e   f i n a l  

d r i l l i n g   f l u i d .   When  t h e   o i l - b a s e   l i q u i d   c o n t a i n s   a  
m i x t u r e   of  a  l i g h t   and  h e a v y   o i l ,   i t   i s   p r e f e r r e d   t h a t   t h e  

l i g h t   o i l   be  e m p l o y e d   in  f o r m i n g   t h e   i n i t i a l   d i s p e r s i o n .  



In  p r a c t i c i n g   the  i nven t ion ,   it  is  sometimes  d e s i r a b l e  

to  add  the  seepage  loss  reducer  only  when  c e r t a in   sec t ions   of 

the  format ion  are  encounte red   r a the r   than  making  up  t h e  

d r i l l i n g   f l u id   with  the  seepage  loss  r educe r .   During  t h e  

d r i l l i n g   o p e r a t i o n ,   the  f lu id   is  c i r c u l a t e d   and  re turned   to  a 

tank,  p i t ,   pump,  or  r e s e r v o i r .   This  supply  may  be  checked 

p e r i o d i c a l l y   to  ma in ta in   the  des i red   p e r c e n t a g e s   of  s eepage  

loss  reducer  in  the  d r i l l i n g   f l u id .   A d d i t i o n a l   q u a n t i t i e s   o f  

the  compound  may  be  added,  if  d e s i r e d .  

In  some  d r i l l i n g   o p e r a t i o n s ,   it  may  be  d e s i r a b l e   t o  

operate   the  d r i l l   for  a  s e l e c t e d   per iod  of  time  using  a 

d r i l l i n g   f l u id   wi thou t   the  seepage  loss  reducer   added  o r  w i t h  

a  low  c o n c e n t r a t i o n   and  then  a f t e r   s topping  the  o p e r a t i o n ,  

c i r c u l a t i n g   to  the  bottom  of  the  hole  the  d r i l l i n g   f lu id   w i t h  

a  normal  or  high  c o n c e n t r a t i o n   of  the  seepage  loss  r e d u c e r  

and  al lowing  it   to  remain  in  contac t   with  the  formation  for  a 

s u b s t a n t i a l   time  in  order  to  allow  the  compound  to  react   w i t h  

the  po lyva len t   c a t i o n s   in  the  fo rmat ion .   By  way  of  example ,  

d r i l l i n g   may  be  cont inued  over  a  p r ede t e rmined   per iod ,   f o r  

example  six  hours,   using  no  seepage  loss  reducer   and  then  a 

d r i l l i n g   f lu id   c o n t a i n i n g   a  high  c o n c e n t r a t i o n   of  the  seepage  

loss  reducer  may  be  c i r c u l a t e d   to  the  bottom  of  the  hole  f o r  

t rea tment   of  the  zone  jus t   d r i l l e d .  

The  fol lowing  Examples  will  serve  to  more  comprehen- 

s ively  i l l u s t r a t e   the  p r i n c i p l e s   of  the  i n v e n t i o n .  



EXAMPLE  1 

D r i l l i n g   muds  were   p r e p a r e d   in   o r d e r   to   c o m p a r e  
t h e   e f f i c i e n c y   of  t h e   d r i l l i n g   muds  c o n t a i n i n g   p o t a s s i u m  

s i l i c a t e   u s e d   in  t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   w i t h  

d r i l l i n g   muds  no t   c o n t a i n i n g   p o t a s s i u m   s i l i c a t e   as  a  

s e e p a g e   l o s s   r e d u c e r .   The  d r i l l i n g   muds  c o m p r i s e d   d i e s e l  

o i l ,   or  m i n e r a l   o i l ,   b r i n e   w a t e r ,  7  -   9  p o u n d s   pe r   b a r r e l  

(20  to   2 5 . 6   k g / m 3 )   of  e m u l s i f i e r   and  a  v i s c o s i f i e r .  

T e s t s   1  -   12  c o n t a i n e d   m a g n e s i u m   c h l o r i d e   in   t h e   i n t e r n a l  

p h a s e   of  t h e   e m u l s i o n .   T e s t s   1 3  -   18  c o n t a i n e d   c a l c i u m  

c h l o r i d e   in   t h e   i n t e r n a l   p h a s e   of  t h e   e m u l s i o n .   T h e  

p o t a s s i u m   s i l i c a t e   u s e d   in  t h e   t e s t s   had   a  m o l a r   r a t i o   o f  

s i l i c o n   d i o x i d e   to   a l k a l i   m e t a l   o x i d e   of  a b o u t   2 . 5 : 1 .   The  

t e s t s   were   d e t e r m i n e d   in  a c c o r d a n c e   w i t h   API  RP  13B 

" S t a n d a r d   P r o c e d u r e   f o r   T e s t i n g   D r i l l i n g   F l u i d s " .   T h e  

r e s u l t s   of  t h e s e   t e s t s   a r e   shown  in  T a b l e s   I  and  I I .  









EXAMPLE  I I  

Rheologica l   p r o p e r t i e s   of  muds  con ta in ing   p o t a s s i u m  

s i l i c a t e   was  compared  to  muds  not  con ta in ing   potassium  s i l i -  

:ate.  The  r h e o l o g i c a l   p r o p e r t i e s   were  determined  in  a c c o r -  

lance  with  API  RP  13B. 

The  fol lowing  a b b r e v i a t i o n s   were  used  in  the  T a b l e :  

PV  =  P l a s t i c   V i s c o s i t y ,   and 

YP  =  Yield  P o i n t  

The  r e s u l t s   of  these  t e s t s   are  shown  in  Table  I I I .  





EXAMPLE  I I I  

The  ammonium  soap  of  the  f a t t y   acid  used  in  the  p r e s e n t  

inven t ion   can  be  prepared  in  any  one  of  the  fol lowing  ways:  

Method  A:  100  grams  of  the  f a t t y   acid  are  added  to  t h e  

bo i l i ng   f l a s k .   30  grams  of  ammonium  h y d r o x i d e  

are  next  added  to  the  f l a s k .  T h e   mixture  i s  

r e f luxed   for  one  hour  and  the  ammonium  soap  of 

the  f a t t y   acid  is  removed. 

Method  B:  A  c o n c e n t r a t e   of  the  ammonium  soap  of  t h e  

f a t t y   acid  is  prepared  by  blending  173.25  ml.  

of  d i e se l   o i l ,   103.25  ml.  of  oleic   acid,   50 .75  

ml.  of  nony lphenoxypo lye thy leneoxye thano l   and 

22.75  ml.  of  ammonium  hyd rox ide .  

Method  C:  A  c o n c e n t r a t e   of  the  ammonium  soap  of  t h e  

f a t t y   acid  is  prepared  by  blending  103.25  ml. 

of  o le ic   acid,   50.75  ml.  of  nony lphenoxypo ly -  

e t h y l e n e o x y e t h a n o l   and  22.75  ml.  of  ammonium 

h y d r o x i d e .  

EXAMPLE  IV 

D r i l l i n g   muds  were  prepared   in  order  to  compare  t h e  

e f f i c i e n c y   of  the  d r i l l i n g   muds  conta in ing   an  ammonium  soap  

of  a  f a t t y   acid  used  in  the  method  of  the  present   i n v e n t i o n  

with  d r i l l i n g   mud  not  c o n t a i n i n g   the  ammonium  soap  of  a  f a t t y  

acid  as  a  seepage  loss  r educer .   The  t e s t s   were  c a r r i e d   o u t  

in  the  same  manner  as  Example  I.  The  r e s u l t s   of  these  t e s t s  



are  shown  in  Table  IV. 









EXAMPLE V 

Tests  were  car r ied   out  to  t e s t   the  r heo log i ca l   p r o p e r -  

t i e s   of  muds  conta in ing  d iese l   oi l   and  no  ammonium  soap  of  a 

f a t t y   acid  and  muds  conta in ing   d i e se l   oil  and  an  ammonium 

soap  of  a  f a t t y   acid.  The  r h e o l o g i c a l   p r o p e r t i e s   were  d e t e r -  

mined  in  accordance  with  API  RP  13B.  The  r e s u l t s   of  t h e s e  

t e s t s   are  shown  in  Table  V. 







EXAMPLE  VI 

D r i l l i n g   muds  were  prepared  in  order  to  compare  t he  

e f f i c i e n c y   of  the  d r i l l i n g   muds  c o n t a i n i n g   ammonium  l a u r a t e  

used  in  the  method  of  the  p re sen t   i nven t ion   with  d r i l l i n g  

muds  not  c o n t a i n i n g   ammonium  l a u r a t e   as  a  f lu id   loss  a d d i -  

t i v e .   The  d r i l l i n g   muds  comprised  d i e se l   oil   or  mineral  o i l ,  

b r i n e   water ,   7 -  9  pounds  p e r   b a r r e l   (20 -  25  kg/m3)  of  

e m u l s i f i e r   and  a  v i s c o s i f i e r .  

A  c r o s s - s e c t i o n a l   view  of  the  appara tus   used  to  c a r r y  

out  the  t e s t s   is  shown  in  Figure  2.  The  appara tus   compr i sed  

a  ve s se l   (50)  equipped  with  a  s t i r r i n g   means  (52),  a i r  

r e l e a s e   means  (92)  connected  to  a  valve  (94),  a  core  sample 

(54)  which  was  secured  to  the  vesse l   (50)  by  means  of  a 

ho lder   (56)  and  a  bolt   (96)  which  was  secured  to  rod  ( 9 7 ) .  

The  appa ra tu s   was  heated  by  means  of  heat ing  element  (60) 

which  was  connected  to  heat  c o n t r o l l e r   (58)  by  means  of  l i n e  

(99).   A  thermocouple   (62)  connected  to  the  heat  c o n t r o l l e r  

(58)  by  means  of  l ine  (98)  r e g u l a t e d   the  heat  of  the  v e s s e l  

(50).   The  s t i r r i n g   appara tus   (52)  was  r o t a t e d   by  means  of  an 

e l e c t r i c   motor  (64)  and  the  motor  (64)  was  connected  to  t h e  

r a t e   c o n t r o l l e r   means  (72)  by  means  of  l ine  (71).  The  s h a f t  

(66)  of  the  e l e c t r i c   motor  (64)  was  secured  to  the  shaf t   of 

s t i r r i n g   appara tus   (68)  by  means  of  a  holder  (70).  The  speed  

of  the  motor  (64)  was  var ied   by  means  of  ra te   c o n t r o l l e r  

means  (72).  The  d r i l l i n g   f l u id   to  be  t e s t ed   was  s tored  in  



r e s e r v o i r   (74)  which  was  p r e s s u r i z e d   through  p ressure   l ine   (76) 

which  was  connected  to  a  shut  off  valve  (77).  The  d r i l l i n g  

mud  in  the  r e s e r v o i r   (74)  was  in t roduced   into  vesse l   (50)  by 

means  of  l ine   (78)  which  contained  a  shu t -o f f   valve  ( 8 0 ) .  

The  f lu id   f i l t e r i n g   through  core  (54)  passed  t h r o u g h  

l ine   (82)  into  graduated   cy l inder   (84)  where  the  amount  o f  

f i l t r a t e   was  measured.  At  the  completion  of  the  t e s t ,   a l l  

d r i l l i n g   mud  remaining  in  the  vesse l   (50)  was  removed  t h r o u g h  

l ine   (86)  which  was  connected  to  a  shut  off  valve  ( 8 8 ) .  

The  t e s t s   were  c a r r i ed   out  by  adding  the  d r i l l i n g   mud  t o  

be  t e s t ed   through  l ine  (78)  into  the  vessel   (50).  The 

f i l t r a t e ,   from  the  d r i l l i n g   mud,  passing  through  the  c o r e  

(54),  was  c o l l e c t e d   in  the  graduated  cy l inder   (84).  In  o r d e r  

to  minimize  the  change  in  so l ids   of  the  mud  during  the  t e s t s ,  

the  d r i l l i n g   f lu id   was  d i sp l aced   from  the  vessel   (50)  d u r i n g  

the  t e s t s   at  a  rate   of  100  ml.  of  d r i l l i n g   f lu id   per  10  ml .  

of  f i l t r a t e   c o l l e c t e d   in  the  graduated  cy l inder   ( 8 4 ) .  

Berea  sandstone   cores  i n i t i a l l y   s a tu ra t ed   with  c o n n a t e  

or  format ion  water  con ta in ing   monovalent  and  p o l y v a l e n t  

c a t i o n s ,   were  used  on  the  t e s t s .   Cores  of  two  d i f f e r e n t  

s izes   were  used  in  the  t e s t s .   The  mud  was  f i l t e r e d   t h r o u g h  

the  core  and  the  amount  of  f i l t r a t e   c o l l e c t e d   was  measured  

every  30  minutes .   The  r e s u l t s   of  these  t e s t s   are  shown  i n  

Table  VI.  







From  Table  VI  it  can  be  seen  that   ammonium  l a u r a t e   was 

e f f e c t i v e   in  reducing  seepage  loss  by  i t s   r e a c t i o n   with  t h e  

format ion  water.   The  e f f i c i e n c y   of  the  ammonium  l a u r a t e  

inc reased   with  i n c r e a s i n g   t h i c k n e s s   of  the  c o r e .  

The  inven t ion   is  not  l imi t ed   to  the  above-desc r ibed   spe -  

c i f i c   embodiments  t h e r e o f ;   i t   must  be  unders tood ,   t h e r e f o r e ,  

that   the  d e t a i l   involved  in  the  d e s c r i p t i o n s   of  the  s p e c i f i c  

embodiments  is  p r e sen t ed   for  the  purpose  of  i l l u s t r a t i o n  

only,  and  tha t   r easonab le   v a r i a t i o n s   or  m o d i f i c a t i o n s ,   which 

will  be  apparent   to  those  s k i l l e d   in  the  a r t ,   can  be  made  i n  

the  i n v e n t i o n .  



1.  A  m e t h o d   of  d r i l l i n g   an  o i l   w e l l   in  a  s u b t e r r a n e a n  

f o r m a t i o n   h a v i n g   c o n n a t e   w a t e r   c o n t a i n i n g   m o n o v a l e n t   a n d  

p o l y v a l e n t   c a t i o n s   w h i c h   m e t h o d  c o m p r i s e s :  

a.  c i r c u l a t i n g   in  t h e   w e l l   d u r i n g   t h e   d r i l l i n g   a 

d r i l l i n g   f l u i d   h a v i n g   a  d e n s i t y   f rom  a b o u t   8 .0  to   a b o u t  

25  p o u n d s   pe r   U.S.   g a l l o n  ( 9 6 0   to   3000  kg /m3)   a n d  

c o m p r i s i n g :  

(1)  an  o i l - b a s e   l i q u i d   s a i d   l i q u i d   c o m p r i s i n g   f rom  a b o u t  

60  to   a b o u t   99  p e r c e n t   by  v o l u m e   o i l   and  a b o u t   1  to   a b o u t   4 0  

p e r c e n t   by  vo lume  w a t e r ;  

(2)  a  s e e p a g e   l o s s   r e d u c e r   p r e s e n t   in  t h e   r a n g e   of  f r o m  

a b o u t   1  to  a b o u t   25  p o u n d s   p e r   b a r r e l   ( 2 . 8 5   to   7 1 . 2 5   k g / m 3 )  

of  d r i l l i n g   f l u i d   and  s e l e c t e d   f rom  p o w d e r e d   s i l i c a t e s   h a v i n g  

a  m o l a r   r a t i o   of  s i l i c o n   d i o x i d e   to   a l k a l i   m e t a l   o x i d e   i n  

t h e   r a n g e   of  from  a b o u t   1 . 5 : 1   t o  a b o u t   3 . 3 : 1   and  w h e r e i n  

t h e   a l k a l i   m e t a l   i s   s o d i u m   or  p o t a s s i u m ;   or  m i x t u r e s   o f  

two  or  more  t h e r e o f ;   or  an  ammonium  s o a p   of  a  f a t t y   a c i d  

h a v i n g   from  a b o u t   12  to   a b o u t   22  c a r b o n   a t o m s ;   or  a n y  
m i x t u r e   of  two  or  more  t h e r e o f ;   a n d ,  

(3)  a  w e i g h t i n g   a g e n t   p r e s e n t   in  an  amoun t   s u f f i c i e n t   t o  

p r o d u c e   a  d e n s i t y  o f   s a i d   d r i l l i n g   f l u i d   of  f rom  a b o u t   8 . 0  

to   a b o u t   25 .0   p o u n d s   p e r   U . S .  g a l l o n   (960  to   3000  k g / m 3 ) ;  

(4)  an  e m u l s i f y i n g   a g e n t   p r e s e n t   in  t h e   r a n g e   of  f r o m  

a b o u t   0.1  p e r c e n t   to   a b o u t   9 . 0  p e r c e n t   by  w e i g h t   of  t h e  

w e i g h t i n g   a g e n t   and  t h e   o i l - b a s e   l i q u i d ,   and  s e l e c t e d   f rom  a  

f a t t y   a c i d ,   an  amine   d e r i v a t i v e   of  a  f a t t y   a c i d ,   an  a m i d e  

d e r i v a t i v e   of  a  f a t t y   a c i d ,   and  any  m i x t u r e   of  two  or  m o r e  

t h e r e o f .  

2.  A  me thod   of  p r e v e n t i n g   t h e   l o s s   of  an  o i l - b a s e  

d r i l l i n g   f l u i d   h a v i n g   a  d e n s i t y   of  from  a b o u t   8 .0   to   a b o u t  

2 5 . 0   p o u n d s   per   U.S.   g a l l o n   (960  to  3000  k g i m 3 )   d u r i n g  

t h e   d r i l l i n g   of  an  o i l   w e l l   in  a  s u b t e r r a n e a n   f o r m a t i o n  



h a v i n g   c o n n a t e   w a t e r   c o n t a i n i n g   m o n o v a l e n t   and  p o l y v a l e n t  

c a t i o n s ,   w h i c h   m e t h o d   c o m p r i s e s :  

a.  f o r m i n g   a  d r i l l i n g   f l u i d   by  a d d i n g   to   an  o i l - b a s e  

l i q u i d   c o m p r i s i n g   f rom  a b o u t   60  to   a b o u t   99  p e r c e n t  

by  v o l u m e   of  o i l   a n d  a b o u t   1  to   a b o u t   40  p e r c e n t   b y  

v o l u m e   w a t e r ,   a  w e i g h t i n g   a g e n t   in   an  a m o u n t . s u f f i c i e n t  

to   p r o d u c e   a  d r i l l i n g   f l u i d   h a v i n g   a  d e n s i t y   of  f r o m  

a b o u t   8 .0   to   a b o u t   2 5 . 0   p o u n d s   p e r   U.S .   g a l l o n  

(900  to   3000  k g / m 3 ) ;   an  e m u l s i f y i n g   a g e n t   in  a n  

a m o u n t   of  f rom  a b o u t   0.1  p e r c e n t   t o   a b o u t   9 .0   p e r c e n t  

by  w e i g h t   of  t h e   w e i g h t i n g   a g e n t   and  t h e   o i l - b a s e  

l i q u i d ,   t h e   e m u l s i f y i n g   a g e n t   b e i n g   s e l e c t e d   from  a  

f a t t y   a c i d ,   an  amine   d e r i v a t i v e   of  a  f a t t y   a c i d ,   a n  

amide   d e r i v a t i v e   of  a  f a t t y   a c i d ,   and  any  m i x t u r e   o f  

two  or  more  t h e r e o f ;   and  a  s e e p a g e   l o s s   r e d u c e r   i n  

an  amoun t   of  f rom  a b o u t   1  to   a b o u t   25  p o u n d s   pe r   b a r r e l  

( 2 . 8 5   to   7 1 . 2 5   k g / m 3 )   of  d r i l l i n g   f l u i d   and  s e l e c t e d  

f rom  p o w d e r e d   s i l i c a t e s   h a v i n g   a  m o l a r   r a t i o   o f  

s i l i c o n   d i o x i d e   to   a l k a l i   m e t a l   o x i d e   in  t h e   r a n g e   o f  

f rom  a b o u t   1 . 5 : 1   to  a b o u t   3 . 3 : 1   w h e r e i n   s a i d   a l k a l i  

m e t a l   i s   s o d i u m   or  p o t a s s i u m ,   or  any  m i x t u r e   of  t w o  

or  more  s u c h   s i l i c a t e s ,   an  ammonium  s o a p   of  a  f a t t y  

a c i d   h a v i n g   f rom  a b o u t   12  to   a b o u t   22  c a r b o n   a t o m s ,   a n d  

any  m i x t u r e s   of  two  or  more  t h e r e o f ;   to   form  t h e  

d r i l l i n g   f l u i d ;   a n d  

b.  c i r c u l a t i n g   s a i d   d r i l l i n g   f l u i d   in  s a i d   w e l l   w h e r e b y  

t h e   s e e p a g e   l o s s   r e d u c e r   r e a c t s   w i t h   t h e   m o n o v a l e n t   a n d  

p o l y v a l e n t   c a t i o n s   to   form  a  s e a l   in   t h e   f o r m a t i o n  

a g a i n s t   e n t r a n c e   of  t h e   w a t e r   i n t o   t h e   w e l l   b o r e .  

3.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1  or  2,  w h e r e i n  

t h e   s e e p a g e   l o s s   r e d u c e r   i s   a  p o w d e r e d   a m o r p h o u s   s i l i c a t e  

h a v i n g   a  m o l a r   r a t i o   of  s i l i c o n   d i o x i d e   to   a l k a l i   m e t a l   o x i d e  

in  t h e   r a n g e   of  f rom  a b o u t   2 . 0 : 1   to   a b o u t   2 . 7 : 1 .  



4.  A  m e t h o d   a c c o r d i n g   to  c l a i m   3,  w h e r e i n   s a i d  

s e e p a g e   l o s s   r e d u c e r   i s   p o w d e r e d   a m p o r p h o u s   s i l i c a t e  

h a v i n g   a  m o l a r   r a t i o   of  s i l i c o n   d i o x i d e   to   a l k a l i   m e t a l  

o x i d e   of  a b o u t   2 . 5 : 1 .  

5.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  or  2,  w h e r e i n   t h e  

s e e p a g e   l o s s   r e d u c e r   i s   an  ammonium  soap   of  p a l m i t o l e i c  

a c i d ,   l a u r i c   a c i d ,   o l e i c   a c i d ,   r i c i n o l e i c   a c i d ,   l i n o l e i c  

a c i d ,   l i n o l e n i c   a c i d ,   e l e o s t e a r i c   a c i d ,   g a d o l e i c   a c i d   o r  

e r u c i c   a c i d ,   or  any  m i x t u r e   of  two  or  more  s u c h   s o a p s .  

6.  A  m e t h o d   a c c o r d i n g   to   any  of  c l a i m s   1  to   5,  w h e r e i n  

t h e   o i l   i s   c r u d e   o i l ,   d i e s e l   o i l ,   m i n e r a l   o i l ,   g a s o l i n e ,  

or  any  m i x t u r e   of  two  or  more  t h e r e o f .  

7.  A  m e t h o d   a c c o r d i n g   to   any  of  c l a i m s   1  to   6,  w h e r e i n  

s a i d   s e e p a g e   l o s s   r e d u c e r   i s   p r e s e n t   in  t h e   r a n g e   of  f r o m  

a b o u t   5  p o u n d s   to   a b o u t   10  p o u n d s   of  s e e p a g e   l o s s   r e d u c e r  

pe r   b a r r e l   ( 1 4 . 2 5   to   2 8 . 5   k g / m 3 )   of  d r i l l i n g   f l u i d .  

8.  A  m e t h o d   a c c o r d i n g   to   any  of  c l a i m s   1  to   7,  w h e r e i n  

s a i d   w e i g h t i n g   a g e n t   i s   a  b a r i t e ,   i r o n   o x i d e ,   c a l c i u m  

c a r b o n a t e ,   or  any  m i x t u r e   of  two  or  more  t h e r e o f .  

9.  A  me thod   a c c o r d i n g   to   any  of  c l a i m s   1  to   8,  w h e r e i n  

s a i d   e m u l s i f y i n g   a g e n t   c o m p r i s e s   a  m i x t u r e   of  d i m e r i z e d  

o l e i c   a c i d ,   o l e i c   a c i d ,   and  o l e y l   a m i d e .  
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